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, part I, 190-214, 1983) otter a significant increase in resolving power over the usual methods. The increased capacity (good resolution up to 1 mg and as much as 10 mg of sample can be applied) and the improvementin resolutionreveal some 3000 individualproteinswhen wholecell extracts from diverse sources are separated on broadrange (pH 4.5-7.5) isoelectrlc-focusing(IEF) gels, and an additional2000 when non-equilibriumand lower pH range IEF gels are also run. When applied to several types of steroid target cells, the giant-gel methods have allowed detection, among the minor protein species not resolved on standard-size gels, of a group of rapidly evoMng (within the first 30 mm or so) adrenal glucocorticoidinductions.These are likely mediators of the characteristichormone effects. The giant gels have also greatly expanded the range of changes in protein gene-products in response to heat shock, growth factors, and retrovirus-induced malignant transformation, and shouldsubstantiallyenlarge the numberof protein polymorphisms useful in genetic studies for linkage mapping. gels, which we call "giant" gels. The methods for preparing and using the giant gels have been deathbed (1). This paper is an attempt to document their utility. We developed the giant gels out of a sense of frustration. Over the previous decade we and others had accumulated considerable evidence that adrenal steroid hormones, the glucocorticoids, initiate their characteristic actions in thymus cells by rapidly altering the rates oftranscription of a few species of mRNA, changing the concentrations of a few cellular regulatory proteins, which in turn are the mediators for each of the primary hormone effects observable at the cellular level, as in Figure 1 (reviewed in ref. 2) . However, a 244-year search in which conventional-size 2-D gels were used failed to reveal any such rapid inductions among the 900 or so proteins made visible (3). Yet, when the gel size and the amount of protein that could be applied were both increased-by roughly six-fold in area (see Figure 2 ) and up to 100-fold in the amount ofprotein applied (4)-we soon found rapidly evolving hormone-induced changes in the relative rates of synthesis of a few among the many additional proteins one can detect on the giant gels. Typical of these inductions are the rapid glucocorticoid-induced changes in the proteins shown in Figure 3 Then the autoradiographs do show substantial differences. These may be In addition to these differences observed in the case of S labeling (as above) we also find the giant gels very useful for detection of phosphoproteins (as in Figure   5 intensity ofthe labeled protein is decreased, and the greater gel capacity allows much more sample to be applied without problems of overloading.
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Number ofprotein gene products being synthesized at any
. time within the cell. So far, the gels we have run have mostly e.' -.
been on whole-cell lysates labeled with [35Slmethionine.
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With broad-range isoelectric focusing (IEF) gels run on
extracts of whole thymus cells (as in Figure 2 , where p1
values between 4.5 and 7.5 are effectively covered) one
observes slightly more than 3000 individual protein spots.
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Similarly prepared samples from embryonic fibroblasts, as . , .
in Figure 7 , or from mature rat fat-cells, as in Figure 8a will reveal approximately 5000 protein gene-products.
In a separate paper in this symposium 
Progress with giant-gel technology.
Since our initial use of the giant gels to detect rapidly evolving steroid-hormoneinduced changes in rapidly turning over proteins in thymus cells (5, 10), we have used these methods to examine the extent of changes in cellular gene expression in several 'a. (Table 1) . We have found a similar small subset of glucocorticoid-induced proteins in normal rat adipocytes (11), liver cells (12, 13), and in mouse embryonic Swiss 3T3 fibroblasts (14). Not unexpectedly, there are overlaps in the proteins induced among these various target cells. Our current work in this area is aimed at assigning functions to the individual inductions in terms of their ability to account for each of the primary glucocorticoid effects in each cell type.
We have also examined the extent of heat-shock changes in rat thymus-cell proteins and found them to be far more numerous than previously predicted, involving changes both in transcription and translation (10, 15) . By examining the extent of the responses we have been able to show that the mRNA-transcription response to glucocorticoids, heavy metals, and heat shock involves separate, non-overlapping domains, with each inducing agent changing only its characteristic proteins (10). The giant gels have also been useful in examining the extent ofchanges both in protein phosphorylation and in cellular protein synthesis as chick embryonic fibroblasts undergomalignant transformation in response to Rous sarcoma and UR-2 retroviruses (16, 17) . Again, the changes were far more extensive then was previously appreciated. The findings included the discovery of cellular genes that seem to be transcribed only in transformed cells. Further work in progress also indicates that the inductions that occur in tissue-culture cells in response to growth factors are again more extensive than previously supposed. Confluent monolayersof L-1preadipocyteswere incubatedwith high specific activItytS]methionine (250 pCl/mL) for 3 h. Broad-rangeIsoelectricfocusing gels, whichgive good resolutionof proteinswith pls between4,5 and 7.5, were run according to our usual methods (1) . in this case 200 &g of proteincontaining about 10 x io counts/mmwas spoiledto the first-dimensiongel. Autoradiogra-
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Merril. So we anticipate that an examination of, say, 2000 proteins on the giant gels will reveal about 200 charge-shift polymorphisms useful for linkage mapping. An additional finding to emerge from our preliminary studies here is that the improved quantification that results from the improved separation enables one to also detect hereditary variations in the levels of expression of individual proteins (expressed! nonexpressed variants). It is of interest that these seem to occur at roughly three times the frequency of the chargeshift variants. Thus, we anticipate that, after an extensive analysis of proteins from a larger number of individuals, one should have available well in excess of the 600 heritable variants necessary for mapping 99% of the human genome (19).
Currently, giant gels are substantially more labor intensive and costly to run than smaller ones. So for many if not in proteins of regulatory significance, the added expense and effort is clearly worthwhile. In our experience the giant gels are also preferred for the examination of phosphoproteins or iodoproteins. They also seem to offer a major advance for genetic studies that would utilize linkage analysis.
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